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EXECUTIVE SUMMARY

¢

ince 2010, an uncontrolled subsurface fire advancing from the south end of the
deep Bridgeton Landfill has created a crisis in north St. Louis. In 1973,
radioactive wastes had been haphazardly dumped unconfined on a shallow shelf at the
northmost edge of the landfill, called “Area 1.° Were the radionuclides and fire to
mtersect, many fear that the intense heat of the fire would release dangerous levels of
radioactivity into the air over the heavily
populated surrounding arca.

Republic Services, the landfill
owner, has claimed that there is no risk of
the fire reaching the radioactive wastes
because the two are 1,300 feet apart. The
company also claims that, even if the fire
did reach the radiotoxins, nothing
untoward would ensue.

This report analyzes the existing
ficld data, most of which was compiled by
Republic itself, to independently evaluate Repairs being made to Brldgeton Landfill
the company’s the 1300-feet-of-separation claim and the further claim that the interaction

of the fire and radiotoxins would have negligible consequences for the people who live in
the vicinity. It then proceeds to make recommendations on what should be done in light of
the conditions that actually exist. That analysis has found that —

Radwastes spread. A significant fraction of the radioactive wastes have
migrated widely out from Area 1 and around the landfill, if not also beyond.
Radwastes will reach Area 1 soon. The fire has spread from the South into the
North and is mostly likely to reach Area 1 within the next 1 ' years.
Radioactivity being released now. The radiotoxins have been in contact with
the intense heat of the fire’s core for the past year, and dangerous alpha
particles have and continue to be released into the surrounding area, although
their impact in cancers and death will be delayed for years by lag effects.
Radioactive releases cannot be managed. Because the landfill is also unlined
and sited in an alluvial flood plain, the existing radiological problems, unlike
odors, cannot be managed, and radioactivity will continue to be released at least
until the fire burns itself out, which could take 20 more years.

Buried radwastes threaten water supplies. Also, because of its location in a
flood plain, the radioactive wastes that still remain in Area 1, and the much
larger contaminated Area 2 nearby, represent a serious risk to the surface and
groundwater systems in the area, and EPA has shown itself incapable of acting.
Republic is proceeding too slowly to protect Area 1. The Attorney General's
decision to force Republic to proceed directly to excavate a fire break around
Area 1 was sound; but now the company 1s slow walking the preliminary site
characterization studies because it says it was surprised to fine the path of the
planned barrier contaminated with radioactivity.
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... ... ...

For these reasons, the kreport makes the following recommendations —

I Action to complete fire break. The Attorney General should assess whether the
Army Corps of Engmeers’ FUSRAP program can complete the isolation barrier
around the radioactive wastes that remain in Area | before the fire reaches it,
and otherwise seck to convince EPA to order Republic to complete the barrier
in time, in order to prevent the ongoing disaster from becoming a catastrophe.
Remaining radwastes should be exhumed. The radioactive wastes that still
remain in Areas 1 and 2 represent a serious risk to the local air shed and to

_ surface and groundwater: responsibility should be given to FUSRAP to exhume
them to an appropriately sited and
licensed facility.

Relocation assistance offered.
Those living directly downwind of
the landfill are being subjected to the
continuing risk of exposure to
dangerous alpha emitters and
Republic should be ordered to offer
them relocation assistance.
Insuring Republic, not taxpayers,
pay. Because most of the crisis is
due to the fire that was caused by
Republic’s gross negligence, care should be taken that the company, and not the
- taxpayer, is assessed for all of those costs.

Bridgeton mother and son landfill neighbors

In the events leading up to the crisis at the West
Lake-Bridgeton Landfill today, everything conceivable
— and mconcetvable — that could go wrong did go

| wrong, and, in the very worst way. That underlies the
reason why only limited remedies are available now.

Looking to the future, Republic’s goal of
“positive isolation and containment” 1s no longer possible. The ongoing release of
dangerous radioactivity into the atmosphere will continue spreading alpha emitters across
the area until the fire burns itself out, which could take as much as 20 years. The enhanced
cover will only (imperfectly) address odor issues, and time may have already run out on
nstallation of an isolation barrier to prevent the fire from reaching the radioactive wastes
that still remain where they were buried.

The other shoe that will soon fall lies beneath the ground. Equally uncontrollable
releases of radioactivity into the groundwater will continue for the foreseeable future.
Those releases, which are out of sight, may seem to be moving at a slower rate that the
atmospheric emissions. But, the area’s alluvial deposits are porous, groundwater flows at
about 750 feet per day, and the next major flood that tops or undermines the levies, leaving
the radioactive landfill under several feet of water, is also only a matter of time.

The events leading to the Bridgeton Landfill fire have created a perfect storm. #
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INTROD&C TION

n a landfill, as in a coal mine, underground fires are a cause for serious concern. For
they are almost impossible to extinguish, and, uncontrolled, can persist for decades
before exhausting all the available fuel. In the process, critical safety systems can be degraded and
7] dangerous byproducts from mcomplete
| combustion, along with noxious odors, can
| escape into the atmosphere affecting
| neighbors for several miles downwind from
the site.'

The recent subsurface fire in the
Bridgeton Landfill, North of St. Louis, first
| noted in 2010, raises those concerns to an
entirely new level For the landfill is
.| contiguous to illegally dumped radioactive
| wastes from the WWII atomic bomb
| Manhattan Project, which is in the northern-
most section of the site called “Area 1.”

FIGURE 1 shows the Bridgeton Landfill
(outlined in black). Also shown are the two
areas where the dangerous radionuclides were
haphazardly dumped unconfined in 1973, and
which together compromise the West Lake Landfill, or Operating Unit 1 (outlined in orange).”

FIGURE 1 — Map of West Lake/Bridgeton Landfills

The great concern has been how to avoid the fire and the radioactive wastes from coming
in contact, which would release
dangerous radioactivity into the
environment. Contamination of the area
around the Bridgeton Landfill by
dangerous radioactive isotopes would
have especially serious implications
because the region in North St. Louis is
heavily populated and developed, as
indicated by the map of the area in
FIGURE 2. The map shows within 5 miles,
3 residential neighborhoods, 10 schools,
11 churches, a hospital complex, the
region’s international airport and the
Missouri River,’ the source of drinking
water for 300,000 people.*

FIGURE 2-Map of North St. Louis Around Bridgeton Landfill
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Republic Services, which owns the site, has attempted to calm those concerns, with
reference to the map in FIGURE 3. The map’s rendering purports to show that the fire is confined
to the South Quarry, and the radioactive wastes to Area 1, which are 1,300 feet apart.’

. e . ' e

FIGURE 3 — Map used to claim 1300 feet distance from fire (in orange) to radioactive wastes (in red)
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To that 1,300 feet of separation, the Regional Administrator of the Environmental
Protection Agency Region 7 (EPA) has added further assurances “that people are not now

exposed to unsafe radiation from
the contaminated waste buried in
[West Lake] because the site is

fenced to prevent public access.”®

There are factual
shortcomings with these claims,
which are intended to provide
assurances to the public that there
1s no risk of the fire reaching the
radioactive wastes.

This report evaluates
whether and the extent to which
the Bridgeton fire has come into
contact with the migrating West
Lake radioactive wastes, the consequences and the needed remedies.

FIGURE 4—Fence around Area 1 at West Lake/Bridgeton Landfill
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THE RADIOACTIVE WASTES HAVE MIGRATED THROUGHOUT THE
BRIDGETO%ANDFILL
Tr

ecause the radioactive wasted dumped in Area 1 are unconfined, the question of
whether they remain there, or have migrated out into the unlined landfill turns on
the hydrogeologic setting.

#The hydrological setting of the unlined landfill is in an alluvial flood plain

To recapitulate the hydrogeologic background from the Criss Report,” the Bridgeton
Landfill is located in the Missouri River flood plain, underlain by alluvial aquifer and fractured
limestone, with a high and fluctuating groundwater table that varies 10 to 40 feet and leaves
behind perched pools of water. Groundwater moves rapidly in the direction toward or away from
the river depending upon the e
river stage and precipitation.® || .«

i A B

Also, there is an
additional significant
influence on groundwater
flows around the two
quarries of the Bridgeton
Landfill, which later takes on
further import regarding the
extent the radioactive wastes
have dispersed.

i

e

TRSIGET O | AR,
CHGEHBTION, WIS,
b A

Rules require a i s
landfill to be lined, have S |= S ,
feet of separation with the FiGURE 5-Location of original sumps pumps in Bridgeton Landfill [NoTE:
high water table and be North to left]
outside of the flood plain.” In
order to secure a permit to operate this landfill in 1995 in the flood plain, amidst the water table
and without the required liners, the company installed pumps towards the middle of each quarry,
as shown in FIGURE 5. These were intended to create an inward cone of depression amidst the
surrounding groundwater flows in an attempt to prevent contaminants flowing outward from the
landfill and into drinking water supplies. At the same time, however, these cones of depression
also drew groundwater from the periphery to the middle of each quarry, which aggressively
spread contamination throughout the site."” More recently, those sump pumps have had to be
removed to make it possible to install the new plastic sheet, and they are being replaced with new
sump pumps arrayed around the periphery of the two quarries approximately 200 feet apart.'’
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Essentially, these vertical and lateral groundwater flows in the landfill, continually flush the
landfill, including Area 1, where one of the perched pools has been located.”” The map in FIGURE
6 represents one effort to describe the direction of groundwater movement during one
groundwater sampling. Groundwater movement is shown as moving from the perimeter of the
quarries to the center where the
sump pumps were located.

With no engineered or
natural barriers, the radioactive
wastes that were buried loose in
Area 1, in the form of fine
particles the consistency of talcum
powder, have been left free to
migrate over the past 40 years.
“Any percolating waters,” Dr.
Criss concluded, “can encounter
radwaste and then move laterally
and downward into the alluvial
aquifer, or into the bedrock
aquifer in the subjacent

Mississippian limestone.”'*

#The radioactive wastes buried |:
in Area 1 are dangerous ‘

EPA has continued to
repeat anecdotal reports that the
radioactive wastes that were
haphazardly dumped in Area 1 : S
were relatively benign leached
barium sulfate residues.” e sl
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However, careful forensic
investigation by Robert Alverez
later established that the wastes
are much more dangerous
residues of radium-226 and 228,
and thorium-230 and 232 isotopes, whose serious health risks are described later on page 37,
along with soils contaminated with radioactive isotopes.'® Other anecdotal reports variously
describe the form that these residues took as either like talcum power or slime.

FiIGURE 6— Map showing direction of groundwater flows from the
influence of the sump pumps
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#Republic’s groundwater testing shows the radioactive wastes migrating throughout the

landfill

A close examination of the groundwater monitoring records from Republic in 1996, 2004,
2012 and 2013 shows there were high levels of radioactivity dispersed throughout the landfill,

which did not became most pronounced until th

FIGURE 7 shows the
location of the functioning
groundwater wells around
the Bridgeton Landfill in
2013, with the readings for
Total Radium 226/228 in
pCv1 shown in pink next to
cach well, and those
readings above the MCL
are highlighted in green.

TABLE 1 on the

following page highlights in |

tabular form the reported
levels of radioactivity (in
picocuries per liter) in

excess of background levels |

(.2 pCi)** since 1996,
with the wells showing
exceedances in any test
rearranged in order to be
grouped by their location in
the landfill (see the NOTE
for an explanation of the
abbreviations). The values
are shaded from light
(lowest) to dark blue
(highest) in order to
highlight the wells with the
greatest reported levels.”

¢ past two years."’

&
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FIGURE 7 — Map of groundwater wells around Bridgeton Landfill in 2013
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WEST LAKE/BRIDGETON LANDFILLS
RADIUNM EXCEEDANCES IN GROUNDWATER WELLS

Ordered by Location]

Well Location
a5 ATC
03 ARIC
PZ 11555 AMC
55 AldL
584 ATC
PZ 11555 ATL
168 ATR
PL 11245 ABL
PZ 113 AD AMAL
BZ 11345 AML
PZ 20855 AME
D14 ABC
P2 10050 NTR
PZ 10055 NTR
PZ 10158 MBAR
BZ 20055 NMR
PZ 20255 NMR
PZ 11055 MBL
PZ A2 55 HBR
PLIDIR 55 MBR
PZ 109 585 kML
£73 STL
BZ 10358 STH
PZ 0755 SMIL
PZ 20555 SHAL
P7104 5D SR
PZ 10455 SMR
PZ 10655 SBL
PZ 120155 SMR
BZ 20455 SBL
PZ 204455 SBL
MW 1204 SBC
PZ 10655 SBR

Total Ra-0226/228 in Grodwihr=2pCifL
2043 2004 1996/1997
“%

Next in FIGURE 8 is a geographic representation of the data in TABLE 1, using the same
blue shaded color coding to indicate levels of radioactivity at each well with exceedances in 2013.
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FIGURE 8 — Map of groundwater well locations showing exceedances for
radioactivity
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Three observations follow from this last FIGURE. First, this data draws a compelling case
of widespread dispersal of the radioactive wastes that had been dumped in Area 1 over 40 years
ago. As examples, in 2013 Republic’s data shows 30 readings above background, which is 2
pCi/1*° Also, 15 readings were above the maximum contaminant level (MCL), which is 5 pCi/l.*!
Thus, from among the 49 total number wells in the immediate vicinity of the two Bridgeton
quarries, 61% of those wells exceeded background, and 31% were also greater than MCLs.

Second, although the data is limited, that which does exist suggests, but does not
establish, that there has been a marked increase in the dispersal of radioactivity over time,
concentrated in the last two years. There were, for example, 26 more readings over background
levels than in 1996, and 31% of them were also greater than MCLs. In 1996, 36% of the readings
of interest were over background, but in 2013, 91% were. Also, the reported peak readings
increased over time. In 1996, the highest of these readings outside of Area 1 was 7.5 pCi/l; in
2004, that was 7.75 pCv/1; in 2012, 16.9 pCv/1; and in 2013, 24.01 pC/1, or 220% greater than in
1996. Similar, a comparison of readings in Area 1 found significantly elevated readings in 2013
where there had been no readings in 2000.>* However, over the 16 years that groundwater tests
have been run, the number of wells also increased in 2013 to 49 wells from 20 m 1996.

Third, of possibly even greater concern, the highest levels of radioactivity in the
groundwater wells reported by Republic were neither in Area 1, nor in the smaller, and
supposedly much more radioactive part of Area 1, called the Radiologically Impacted Materials
section (RIM) (see the purple shaded area inside Area 1 in FIGURE 1 on page 1). In fact, reported
levels of radioactivity were 50% greater in Groundwater Well No. PZ-101-SS, which is in the
middle of the North Quarry, than in the RIM, and 37% greater in Well No. PZ-103-SS, which is
in the middle of the South Quarry about 1,300 feet from Area 1. See TABLE 1.

One disturbing interpretation from this anomalous finding — in which the reported
radioactivity is greater further from the place where it was originally dumped — is that today there
could be greater concentrations of radioisotopes spread out across the landfill than remain in Area
1. But, to be clear, while the reports demonstrate extensive dispersion of the radionuclides, there
1s no data with which to reliably estimate the actual proportion of the original radioactive wastes
that has migrated since that time beyond the RIM section.

Further confirming the conclusion that the radioisotopes have migrated from the RIM
section is Republic’s gamma cone penetration tests during December 2013 between the RIM
section and the North Quarry that found significantly elevated readings possibly as high as 390
pCi/? For, if the radioactive wastes have migrated out of the RIM into the rest of Area 1,
Republic’s earlier claim that those wastes are immobile is, by their own subsequent finding, no
longer operative.
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Unfortunately, Republic’s response to the groundwater data seems to reflect an
unwavering determination to deny the overwhelming force of factual evidence, rather than to
provide a reasoned reply or plan to reduce the uncertainty around the samples.

Any readings that suggest normal reading are accepted unquestioningly: any data that
indicates otherwise is rejected and sent back for re-analysis or re-interpretation. Earlier EPA
Region 7 had also been evasive, but, of late, even EPA appears to be reevaluating the situation.

Initially, EPA Region 7 dismissed warnings in the first 1996 groundwater samples. The
agency argued that the radioactive wastes could not migrate outside of Area 1, because “[t]he
lack of radionuclide contamination in groundwater at the Site is consistent with the relatively low
solubility of most radionuclides in water and their affinity to adsorb onto the soil matrix.”**

To be clear, however, “solubility” does not, as might be thought, imply a binary process in
which particles either do or do not become completely dissolved in a solvent, as if there are some
materials that dissolve — and which can disperse — and all the others that do not — and therefore
remain fixed. Rather, solubility is a continuum at one end of which some particles remain
suspended while, at the other end, they break down into sub-microscopic sizes and more readily
disperse throughout the medium.”

To better reflect the continuum in the real
world, the better term is colloidal transport.
Radium and even less so, thorium, may not exhibit
as much solubility as salt in water, but that does not
lock them in Area 1 forever. In the unique
conditions of a high and fluctuating water table in
the Missouri River flood plain with porous alluvial
deposits, they will become mobile albeit at a slower
rate.

Low solubility only suggests that the
particle’s colloidal transport will tend to be slower.
But, amidst porous alluvial deposits in a flood
plain, 40 years offers a long time for such a particle
to migrate, as these groundwater readings attest to.
Also, reactants and solvents, which are also
reported to have been dumped at West Lake,*
have been shown to reduce absorption by radium . .. -
and thorium in the soil that otherwise would reduce gigyre 9 Before and After Map of 1993 Flooding of
mobility.*’ Missouri River Around North St. Louis

Photo Credit: NASA
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Region 7 also dismissed the early groundwater results, which then only indicated small
exceedances in a few wells, because they were “not indicative of on-site contaminant plumes,
radial migration, or other forms of contiguous groundwater contamination.”*®

However, for one thing, there were too few wells monitored around the North and South
Quarries in 1996 and 2004 to discern plums. More important, plumes of radionuclides emanating
from the RIM area would, over four decades, be very significantly disrupted by, first, the
movement of the water table that fluctuates vertically 10 to 40 feet in a year, as well as, second,
the manmade lateral movements created by the landfill’s sump pumps, previously described on
page 4, not to mention, third, major flooding events such as those in 1993 and 2011 that saturated
the ground, even if in those cases the levees held back the surface water from Bridgeton. See
FIGURE 9 for aerial photograph of the flood plain in the 1993 flood.”

Therefore, any original plumes would have been disrupted by those vertical and horizontal
hydraulic flows a long time ago, and one should no longer necessarily expect to see a dispersion
of exceedances suggesting plumes of contaminants.

Noteworthy, after the growing extent of dispersion shown by the 2012 groundwater
report, EPA Region 7, which hithertofore has not acknowledged that there was any cause for
concern over the elevated radiation readings outside of Area 1, modified its views. Now, instead
of denial, its position is agnostic:

“EPA assesses the 2012 groundwater data as not proving or disproving the existence of a
groundwater contaminant plume at the site. For this reason, EPA has requested that the
potentially responsible parties (PRPs) conduct three additional rounds of groundwater
sampling in 2013.”°

Republic, on the other hand, continues to characterize the extremely high readings as the
background radiation that existed in the area before the radioactive wastes were dumped at West
Lake.*!

But, background levels of radioactivity in the area were carefully established by Region 7
in its 2008 Record of Decision as approximately 2 pCi/l.** In the last two years, which is four
years since that determination, the reported peak levels are now recurringly m excess of 10 and 20
pCv1- or up to more than ten times greater. When Republic seeks to characterize as naturally
occurring readings that a magnitude greater than established background levels, the company
strains credulity.
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THE SUBSURFACE FIRE HAS ADVANCED FROM THE SOUTH QUARRY INTO
THE NORTH QUARRY ANDg ADVANCING ON AREA 1
Tr

ire in proximity to radioactive wastes is a great concern because intense heat can

cause the buried isotopes to volatize, or transition into their gaseous state, and, with
the inevitable fissures in the overburden and cracks in the covers, escape into the atmosphere.
When the radioactive wastes have migrated throughout the landfill into the sections where the fire
rages sufficiently hot to potentially volatize radioisotopes, that is presently a great ongoing
concern. If the fire proceeds further and advances into Area 1 where those wastes were originally
dumped, then that is an imminent catastrophe.

#The radioactive wastes have migrated to where the fire is sufficiently hot to volatize the
radiotoxins

The previous section established that the radioactive wastes have widely dispersed
throughout much of the landfill, and extend to the area in the South Quarry where elevated
temperatures from the fire are the hottest, as well as in the North Quarry where they are, in
places, elevated, though, at present, not nearly as much as in the South. The next question is
whether those temperatures in the South Quarry are hot enough to volatize the radioisotopes.

Three sets of instruments provide a very limited indication of temperatures inside the
Bridgeton Landfill. First, there are gas extraction wells (GEW), which are installed to collect and
combust landfill gas, and also contain instruments in the headers to measure the temperature of
the gas collected in that well.

Second, as part of the several remedial efforts at Bridgeton, there are gas interceptor wells
(GIW), which were installed by April of this year in the neck between the quarries in an effort to
draw off the heat from the fire advancing out of the South Quarry and retard its proceeding into
the North Quarry. These also have instruments to measure the temperature of the captured gases.

Third, there is another set of wells specifically installed to measure temperatures (TMP)
with thermocouples through the entire span of the well in 20 feet increments. Unfortunately, they
continue to suffer failures, and, in any case, are unfortunately only located in the narrow neck.”

There are a number of problems with each type of well for measuring temperatures,
because there is no good instrumentation inside a landfill that can accurately record temperatures,
especially for very high temperatures.
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In addition to those generic constraints, while the TMP wells install thermocouples for
every 20 feet of the 200-300 foot depth, the GEWs and GIWs report an average temperature for
the entire well, even though the fires typically only inhabit the area around a small extent of the
pipe. By averaging the parts of the well’s span where the fire both is and is not located, the
reported average values are lower than the actual temperature of the fire itself** FIGURE 10
shows the location of the wells.

. - b

FIGURE 10 — Map of locations of gas wells inside Bridgeton Landfill in 2013 [NoTE: North to right]

TABLE 2 shows the temperatures reported in the peak month for each of these wells with
reported temperatures of 150EF or greater since September 2012.*° Temperatures for GEWs and
GIWs have been normalized by 10% to attempt to correct for the averaging effect, based upon a
comparison of adjacent GEW and TMP wells in the Bridgeton Landfill.
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WEST LAKE/BRIDGETON LANDFILLS
PEAK TEMPERATURES REPORTED IN GAS WELLS
{ordered from hotiest to coolest among wells > 150 degrees F)
8/2012 - 10/2013
TMPB GEW-57B GEW-56R
TMe7 ‘ GEW-54
TpP-9 ' GEW-7BR
GEW-111 GEW-106
GEW-34 GEW-214
GEW-33R GEW-204A
GEW-32R , GEW-254
GEW-66 Giw-12
GEW-76R TWMP-10
GEW-90
GEW-108
GEW-45
GEW-5TR GEW-18R
GEW-59R GEW-31R
GEW-60R
GEW-63 GEW-B2R
GEW-64 W-06
GEW-70R
GEW-74
GEW-91 : . GEW-55
GIW-01 ! GEW-73R
GEW-75 L GEW-81
GEW-110 -1 ‘ Gh-08
GEW-13 THP-11
GEW-37 GEW-245
GEW-85 GEW-53
GEW-58
GEW-E9R
GEW-71
GEW-26R
GIW-05
TABLE 2

TABLE 2 shows the temperatures reported in the peak month for each of these wells with
reported temperatures of 150EF or greater since September 2012.*° Temperatures for GEWs and
GIWs have been normalized by 10% to attempt to correct for the averaging effect, based upon a
comparison of adjacent GEW and TMP wells in the Bridgeton Landfill.
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In generic discussions, the temperature thresholds of initial concern are set at 131EF and
of heightened concern at 175EF. Those thresholds assume that the landfill is at a point in its life
where it 1s actively generating gas, from which heat is a byproduct of decomposition, typically

. 130EF.*" But, the Bridgeton Landfill shut

down in 2004, after which it stopped Gas Generation Over Time

receiving new organic discards needed to . .
keep rejuvenating the process of decay, which at B"dgeton Landfill

otherwise slows down over time. FIGURE 11
shows something how the rate of gas
generation has probably slowed at Bridgeton
since 2004.** For these reasons, the threshold
of heightened concern that a fire exists
specific to Bridgeton is better considered to
be 150EF. That reflects the same increase
over Bridgeton’s lower background
temperatures as in the general case when
175EF is considered to be of heightened
concern.

1990 2000 2010
1985 1995 2005

There are 92 readings out of 117

wells greater than 150EF, or 79% of that
total, of which the highest recorded was
309EF associated with a nearby GIW.

FIGURE 11

FIGURE 12 shows the location of the gas wells that experienced exceedances, using the
same red-to-yellow color coding to indicate the intensity of the heat. The elevated temperatures
are concentrated roughly in the center of the South Quarry and slightly to the center and west side
of the North Quarry, while the greatest temperatures appear to be in the narrow neck that
separates the two quarries, presumably because, as discussed later, the GIWs are pulling excess
oxygen from the surface that feeds the fire.
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FIGURE 12 — Map of location of gas wells showing elevated temperatures

Note, however, that the preceding TABLE and FIGURE provide some, but only seriously
incomplete data on the extent that the temperatures are elevated in the Bridgeton Landfill, which,
in fact, is almost certainly substantially hotter in places. For one thing, the instrumentation is not
adequate to measure high temperatures.

For another, like in a well-heated wood stove that can put out much more heat with a
smoldering “blue” embers when the oxygen intake is closed, landfill fires also usually go pyrolytic,
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as well. This is a process of thermo-chemical decomposition of the organic discards in oxygen
starved conditions, in which temperatures are significantly greater.”

Republic found pyrolytic conditions in the South Quarry that are responsible for the
substantial subsidence, though it has not recorded its core temperatures.*® Laboratory studies
supported by field surveys have found that peak temperatures of prolytic underground landfill
fires may approach as high as 1,200EF or more.*' The fact that post-event field surveys of
subsurface landfill fires find polyethylene garbage bags depolymerized, which requires
temperatures in excess of 700EF, tends to support those laboratory estimates.*

The GEW wells that are in the area where the South Quarry fire is hottest and also where
pyrolytic conditions are most likely to exist, are typically made of PVC, which begins to melt at
284EF . Therefore, they are useless for informing us of temperatures at the depths where the fire
1s hottest. Whatever values that those GEWs are providing are from above the depths where the
fire is so hot that the well segment has likely been destroyed.

#The fire in the South Quarry is advancing into the North Quarry to Area 1

The related question is whether there is also an imminent concern that the fire is advancing
into the North Quarry and will soon reach Area 1. Republic persists in maintaining that there 1s
no underground fire in the North Quarry.** Unfortunately, Republic has provided no facts to
support its claim and has refused as yet to either (1) confront elevated temperatures in the
southeast section of the quarry, (2) provide other sampling data that could explain the source of
the elevated temperatures (3) provide subsidence measurements or (4) install the temperature well
instrumentation that would unequivocally establish whether the high temperatures now reported
inside and through the neck are already entrenched and expanding in the North Quarry.®

However, the data that do es exist establishes that the GIWs have not worked, and that
the fire is almost certainly past the northernmost end of the neck. That data also strongly suggests
that the fire i1s now expanding into the North Quarry.

To display visually the critical places in the landfill where temperatures have been high, we
overlaid the peak reported temperatures in the TMP and GEW wells in the neck and in the nearby
arcas of the North Quarry.
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Peak temperatures were used because reported temperatures are not absolute conditions
out of the control of the operator. Rather, in situ temperatures in a landfill are, to a not
inconsiderable extent, under the operators influence, such as a result of how much negative
pressure is applied through the gas collection and related extraction wells. This is especially the
case when there is no low-

permesble covertoprevent | Negative Pressure in GIW-11
oxygen from also being
pulled into site from the 1 '
surface that inflames the fire.
0

FIGURE 13 illustrates é’
this with the negative -1
pressure readings applied in O
GIW-11 over time, which 5_2
shows that heavy vacuum @
force was applied in May and 2-3
then again in the summer. @
Presumably, from a -4
examination of the pressure
logs, peaking temperatures, 5
such as 309EF in TMP-8,
presumably led MDNR to 6

finally raise a cautionary flag
about the value of the
interceptor strategy as raising Figure 13

undue risks, especially in light

of their consultants’ view that it also would not work.

4/813 5/TM3 6/5M3 T7i14113 8/2113 813113 9/301M1310/13113

By using peak values, the various wells can better be compared to each other, and wide
sources of individual variability can be removed, because they include the times when the well’s
maximum negative pressures were employed.

FIGURE 14 on the following page shows the location of the TMP and GEW wells in the
critical neck area overlaid with their recent peak temperatures.*® As discussed on page 15, the
threshold of concern is better considered to be 150EF rather than 175EF. Eight of the 13 gas wells
north of the neck in the North Quarry report temperatures in excess of that threshold.
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FIGURE 14-Map of location of wells in the neck and North Quarry and their peak temperatures [note North is
to the left]

Note that there are four lines of TMP wells, one (TMPs 7R, 8 and 9) behind the two lines
of GIWs across the neck. Next, there is a second line (TMPs 13 and 14) amidst the GIW wells;
and a third line of TMP wells (TMPs 10, 11 and 12) about 100 feet ahead of the GIW array.
Finally, there is the fourth line of TMP wells (1, 2, 3 and 4) about 200 feet ahead of the GIWs and
at the northernmost end of the neck. The fourth line of wells, which is the northern most line just
beyond the GIWs and the narrow neck, also exhibits elevated temperatures, strongly suggesting
that the northernmost edge of the fire has advanced into the southern most edge of the North
Quarry, and that the GIW effort has failed.
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#The GIW strategy failed. Key for assessing the value of Republic’s GIW attempt to
prevent the fire from continuing through the neck is TMP-2, which is about 200 feet north of the
last line of GIW wells. See FIGURE 14. Apart from transient effects due to changes in the vacuum
forces applied, the reported

temperatures have not TMP-2
significantly declined since the i ’
onset of the project last Spring. e -
See FIGURE 15. 20 : I
460
Indeed, instead of 4n
decreasing, the graph shows e
temperatures fairly steadily 60
increasing over the past year 420
from 153EF to 174EF at a a0
depth of 80 feet in that well - 400
about 200 feet forward of the e e
purported vacuum wall. _ a0 é
. r LEGEND - %a%
Clearly, Republic’s 140 . Timaiz =
interceptors, which it pursued - e kot § T =
over the objections of MDNR’s | 150 ffifj s i
consultants, has failed. The fact o anw3 || ogog
that it has now been directed to | 180 :f; .
dig an isolation barrier around o Tpm3 | 300
3 41 200 e BEITH
the RIM section shows that it is T e
all but certain that Republic no e tamaz | 280
longer disagrees. For that effort | °%° ff;ﬁf il
is only impelled if the fire is e 1R 20
adVanCIIlg e X;J f:iﬁ’t? 04 tepth hed res il i sl albiveble Mw;‘m 1{‘?3”4
Sk A TS FLANOR TEAUG shiave Ay e, i i 940
260 - - ; ——
Not only did the 60 B0 400 4200 40 160 B0 200 220 0. 260 80 500
interceptor strategy fail to stop TEMPERATURE £F)

the fire’s advance. not only did FiIGURE 15—-Changes in temperature profile in TMP-2 over time

the time consumed in pursuing GIWs preclude serious efforts to block the fire at the neck, but
also, the attempt made the situation for the landfill’s neighbors substantially worse.

#The subsurface fire has likely spread past the neck into the southmost edge of the
North Quarry. The best way to directly track the extent that the fire has advanced past the neck
into the North Quarry would have been to install additional temperature wells at intervals north of
TMPs 1-4. For all the problems of maintaining functioning instrumentation inside a landfill on fire,
these TMP wells are the best that we presently have.
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Unfortunately, this simple step was not done, and the last proposal for three new TMP
wells are all arrayed at the northern edge of the North Quarry, across Area 1’s southern
perimeter.” None are proposed to lic between the neck and that line to provide key indicators
about the fire’s advance. However, inferences from the data that do exist indicate that it is likely,
but not certain that the fire has not only crossed the neck, but as it moves into the North Quarry,
could join with a legacy fire that has persisted for an extended time, with uncertain but worrisome
consequences when they do meet.

For one thing, peak temperatures reported in the four lines of TMP wells show gradually
decreasing levels from south, where the fire originated, to the North, as would be expected in an
advancing fire. The line furthest south and behind the GIWs (TMP Line 1) reports temperatures
of 255EF-309EF; the one amidst the GIWs (TMP Line 2), from 171EF-192EF; the one 100 feet
ahead of the GIWs (TMP Line 3), 165EF-180EF; and the last one 200 feet ahead (TMP-Line 3),
140EF-174EF. See FIGURE 14.

#The elevated temperatures inside the North Quarry appear to have a different source.
On the other hand, the high temperatures shown far inside the North Quarry appear to stem from
a different origin than the fire advancing from the South into the North Quarry for three reasons:
(1) the North Quarry fire and the South’s appear to be widely separated; (2) there was an earlier
fire in the same general vicinity in the North Quarry in the early 1990s; (3) the carbon monoxide
finger prints of the two are different; and (4) the extended duration of the North Quarry fire.

#Distance from the neck. As was shown in FIGURE 14, the elevated
temperatures inside the North Quarry center on GEW-54, which had a peak adjusted
temperature of 170EF last year and GEW-40, at 189EF. That peak North Quarry reading
1s separated from the advancing leading edge of the South Quarry fire at the northern most
edge of the neck at TMP Line 4, by about 450 feet. Between the peak North well and the
neck, the intervening wells GEW-55 and GEW-9 suggest declining temperatures from
GEW-54’s adjusted 170EF to 154EF to 134EF. Thus, the declining temperature isobars
around the peak temperatures in the North and in the South Quarry suggest two distinct
underground fires.
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#Legacy fire in the North Quarry from the early 1990s. Prior to the 2010 fire
in the South Quarry, in 1992, and possibly again in 1994, there apparently were earher

underground fires in the North
Quarry in the same vicinity as
today’s GEWs 40, 43R, 53, 54
and 55, where elevated
temperatures are now being
observed. The right hand
yellow band of the 1992 fire
overlaps where GEW-40 now
shows the highest elevated
(adjusted) temperature of
189EF in the North Quarry.
See FIGURE 16.* The close
proximity of the two fires
could speak to a common
source.

FIGURE 16 —1990s subsurface fires in North Quarry [North to left]

#The North Quarry
fire is probably due to metal-water reactions unlike in the South. The mere fact of
elevated temperatures underground in different parts of a landfill does not necessarily
mean that they both are due to the same phenomenon. Combustion of hydrocarbons in the
presence of oxygen and a source of ignition, such as occurs in a fireplace, is the typical
fire, and it releases very high levels of carbon monoxide (CO) above 500-1000 ppm.* But
combustion is not the only source of elevated temperatures, and those who are attempting
to dismiss the fact of another underground fire in the North because of the absence of CO
misunderstand the multifaceted nature of landfill fires, or perhaps intend to mislead. For,
another not uncommon source is of heat sufficient to mobilize radiotoxins are reactive
metal-water interactions™ such as the aluminum dross fire ignited by imprudent leachate
recirculation at Republic’s Countywide Landfill in Ohio, which has been burning unabated
so far for 10 years.”' The fact that an unknown admixture of industrial detritus was buried
in the North Quarry between 1974 and 1985 makes this site a prime candidate to see
these kinds of chemical reactions that produce excess heat as a byproduct.”
Unfortunately, because there was no systematic reporting of the types of wastes received
in the effectively unregulated site in the pre-Subtitle D era, it will be extremely difficult to
deduce what particular reaction is ongoing in the North Quarry until Republic analyzes
samples from the bottom of the wells in the North Quarry with elevated temperatures. In
any event, the fact that the gas wells in the North with elevated temperatures exhibit very
little CO, while those in the South show extremely high CO levels, is consistent with the
South’s being due to combustion, and the North’s to metal-water reactions, which
produce no CO. See TABLE 3.**
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Monoxide Levels
Quarry Gas Wells
4

GEW Adj. Temperature = Carbon Monoxide

{degrees Fahrenheit) (parts permillion)
53 151 120
54 156 24
55 140 32
38 181

142

200

=
=
«
=
g
<=
=i
o
b

NEERERS |

South Quarry

TABLE 3

#The duration of the North Quarry fire possibly points to its reactive metal
origins. Although the ontological origins of the North Quarry fire are unclear, the fact
that it potentially could have begun in 1992 and continued for the 22 years to the present
is consistent with a reactive metal process, as evidenced by the Countywide aluminum
dross fire.

However, the key point to takeaway from this analysis is that, as discussed on page 25,
anything that clevates temperatures above about 200EF for extended periods in the Bridgeton
Landfill will mobilize radiotoxins into the atmosphere, regardless of the type of reaction. The fact
that little carbon monoxide is released in the process does not, as Republic appears to suggest,
somehow convert the reality of the elevated temperatures into something harmless.

#It is impossible to predict how fast the fire will advance from the neck through the North
Quarry other than to note that it quite possibly could leap forward

Critical to any analysis of what should or can be done next to reduce the probabilities of
even worse untoward consequences is the question of how fast the South Quarry fire will advance
through the North Quarry to Area 1, where a significant fraction of the radioactive wastes still
remain.

In mid-2013, from what was known then, MDNR’s consultants concluded that, after a
short pause in the narrow neck between the two quarries, the South Quarry fire would resume
advancing at 2 feet per day through the North Quarry. Two feet per day is the rate that the fire
had been advancing before it reached the neck, where it slowed down temporarily due to the
constriction that had been partially filled with inert rubble.”
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That rate would suggest the fire could reach Area 1 within 1 to 1 Y2 years after it resumes
its movement, which leaves a very short time to complete the isolation barrier now being
investigated for the southern perimeter of Area 1.

Unfortunately, a careful examination of the data that has emerged since then casts doubt
on whether there is even that year and a half left to act. For one thing, as noted above, the best
current interpretation of the North Quarry fire is that its source lies in metal-water reactions.

At present, fortunately no movement has been detected around the North Quarry fire
centered around GEWs-40 and 54 has been detected, which 1s very good thing in view of the 700
feet separating it from Area 1. But, if there is a metal-water reaction in the North Quarry that is
generating the elevated temperatures, that could create extremely serious complications when the
South Quarry fire reaches the south edge of the North Quarry fire only about 400 feet distant.

Too little is presently known about the causes of the North Quarry fire to make a
prediction. But, the very fact of that unknown means the very real possibility cannot be excluded
that the combination of the different fires and temperatures could cause the fire to leap forward
toward Area 1 at a much faster rate than 2 feet per day.

Another factor that complicates the task of predicting the fire’s advance toward Area 1 is
the isolation barrier itself. Digging a trench creates an entry point for oxygen to enter the
heterogeneous waste mass, with its many passages for ingress, which could cause an underground
fire to leap forward several hundred feet essentially overnight. While the underground fire seems
to be concentrated 80 feet below grade, while the shelf is only about 50 feet deep at the lip of the
shelf, the oxygen can easily be driven 50 feet or more deep into the wastes on days with high
barometric pressures.

Essentially, with all of these new imponderables, there is no longer any way to make a
reliable projection of the rate of the fire’s advance from the South towards Area 1.
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THE RADIOACTIVE WASTES ARE NOW VOLATIZING AND BEING RELEASED
FROM THE BRIDGETON LANDFILL

T

cfore the fire reaches the remaining radioactive wastes in Area 1, right now the fire

in the South Quarry is interacting with the dispersed radiotoxins, especially alpha
emitting particles, released from the West Lake/Bridgeton Landfill into the air or ground or
surface waters. The vector that poses the greatest immediate threat to the public is from the
radioactivity escaping into the atmosphere because the impacts there are immediate while
groundwater flows are usually delayed and diluted .

For the radioactivity to escape into the air and disperse widely, several factors must align—

The radionuclides must volatizate in the conditions of the underground fire

Those isotopes must lic in proximity to the fire.

Gas pressure must be sufficient to force the gaseous radionuclides out of the

landfill

The release velocity must first be sufficient to widely disperse the gaseous

radionuclides

. The gaseous radionuclides must be lighter than air in order to not precipitate out
and fall back to earth

. Over time, people must be susceptible to injury from the radionuclides

C
C
C
C

#Radium and thorium isotopes can volatize at high temperatures or at lower temperatures
that persist for extended periods

Volatization occurs when heat transitions a solid to its gaseous state, which mobilizes it to
be released into the environment. Whether that
transition occurs is a function of, among others,
the form and surface chemistry of the
radioisotope, the intensity and duration of the
fire, and the vapor pressure.”

A study by Puad and Noor was done on
the conditions necessary to volatize in an
incinerator thorium and radium isotopes,”” which
the Alverez Report establishes are the
predominant part of the radionuclides of
concerns buried in Area 1, not barium sulfates.
See FIGURE 17.7°

FIGURE 17
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While an incinerator chamber does not exhibit identical conditions to a landfill fire, the
findings are sufficiently similar to be instructive.

Key here is the researchers’ findings that, even though the radionuclides melting points are
in excess of 1200EF,* first, vaporization begins at the temperature that water boils. Second, with
prolonged exposure over time, radioisotopes can be completely volatized at those low
temperatures, as can be seen in FIGURE 18, which reproduces TABLE 4 from the Puad analysis.

Table 4

Average percentage of volatilization of *™I, *®Fh, ®"a and ®™Ra in crude oil terminal sludge afier

pombusted (experiment)

Wuclide Combution Perogntnge of wloatilzation
:@mfﬂ e Loombustion pesiod (o)

kL il 40 b 150

= 100 i 2 3 4 5
30k # 4 20 23 2
S 7 14 19 24 -
i P | 3% i 4 6} fity
M 22 39 54 64 64

*Ra 100 0 ) 0 1 1
£ i 4 f & i
b 4 B 12 15 I8
e ¥ i3 in 21 24
L 7 14 20 24 1

I 100 ! 1 3 4 5
S 3 & 8 8 o
S 5 ¥ 12 13 15
70D 7 & i4 i 2
Bl ) il it 24 it

Ra 100 0 0 i 2 4
£ 2 3 b g B2
A 3 B i 5 s
Ty 7 12 I b 4
R0 7 13 18 24 e

| =

FIGURE 18 — Copy of table from Puad study showing relationship of volatization to temperature vs exposure

As an example of how lower temperatures can volatize radioisotopes with longer
exposure, 5% of Th-230 will volatize at SO0E C for 30 minutes, but the same fraction will also
volatize at just 100E C if kept in contact with that heat for 150 minutes. At Bridgeton, with an
underground fire, the exposure of dispersed radioactivity to elevated temperatures can persist for
20 years
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As either temperatures or durations double, the percent volatized increases by factors
more, and, over longer time frames measured in months, significant fractions volatize.®® Once
volatized, the pressure wave from the advancing heat front would liberate the radioactivity
through cracks and fissures exacerbated by the fire itself.

The fire at Republic’s Countywide landfill in Ohio, which was first observed in 2003,
continues unabated in 2014, 11 years later.®' Because major subsurface landfill fires can persist for

decades, radium will volatize in Bridgeton even at the low end of elevated temperatures at around
200EF.

#The fire and radioactivity are in contact

The next question that follows is whether there are known points of contact between the
intense heat and high levels of radioactivity in the Bridgeton Landfill where the radioisotopes
could volatize. FIGURE 19 illustrates the process used in this section to locate areas from where
radiotoxins are likely being mobilized into the atmosphere.

w“mw“%‘ """‘u""U"""""""""‘MJJ‘U"M\\\\\\\\\\\\\\\\\\\\\\\\\\\\HHHHHHHHHHHH

Ry

TEL
Y & wuf

RY, %;;3\ ‘
104555 0

PEHMITTED
L LAMEEILL

Location of Intense Heat from Fire Location of Proximate Radioactivity
FIGURE 19-Example of one point of contact between heat and radioactivity [NOTE: North is to the
right in the map on the left hand side, and to the top on the map to the right]

The two maps show the point about 200 feet to the south of the narrow constriction on
the east side of the neck between the two quarries. The left-hand map in FIGURE 19 is enlarged
from that section of FIGURE 12, which shows gas wells that provide temperature data.
Groundwater wells that provide data about levels of radioactivity are shown in the right-hand map
that 1s an enlargement from FIGURE 6.
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Circled in red on the left 1s gas well, TMP-7R, which, on November 27, 2013, reported a
peak temperature of 272EF, and circled on the right is groundwater well PZ-103-SS that in April
0f 2013 recorded radioactivity at 21.96 pCy/l. Unfortunately for visual clarity, the two maps are
on different orientations: the left-hand map shows North to the right, while the right-hand map
shows North facing up. Once that adjustment is made, the two points, which are both
approximately 200 feet to the south of the point of narrowest constriction on the east side of the
neck, can be seen as in almost direct contact with cach other.

Next, FIGURE 20 shows the co-located points of contact between wells that reported high
temperatures and radioactive exceedances throughout the West Lake/Bridgeton Landfills in 2013.
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FIGURE 20 — Co-located points of contact between wells reporting high temperature with wells showing
radioactivity exceedances above background at West Lake/Bridgeton Landfills
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The annotated map provides an preliminary visual means to identify the points in the site
where high temperatures are known to be in proximity to high levels of radiation. The paired gas
well TMP-7R and groundwater well PZ-103-SS from the prior chart are circled in red here.

However, because of significant measurement limitations, the chart fails to identify much
more than it reveals. For one thing, the groundwater wells where radioactivity is measured are
only located on the periphery of the landfill. Thus, we presently have no indicators of where levels
are similarly high inside the landfill. Nonetheless, as noted on page 4, the sump pumps, which
were installed as surrogates for liners, create a cone of depression drawing the radionuclides from
the perimeter toward the center of the quarries.

That strongly indicates that radioactivity inside and across the quarries would be even
greater than at the perimeter, notwithstanding the absence of instrumentation in the center to
establish that fact. For this reason, all of the very hot temperatures in the middle of the South
Quarry and in the neck area probably may be presumed to also be in contact with radium and
thorium isotopes.

Instead of no radiation in the middle of the South Quarry, more likely the entire span
between gas well PZ-107-SS with 11.08 pCv/1 on the left and PZ-103-SS with 21.96 pCi/1 on the
right also exhibits high radioactivity. This indicates the core of the South Quarry subsurface fire,
which Republic has identified as being pyrolytic, is quite possibly at temperatures in excess of
1,200EF™ in proximity to large volumes of Ra-226 and Ra-228, and lesser of Th-230/232.

Even more consequential, worse risks loom in the wings for those near the landfill. Most
of the radioactive wastes that have migrated through 2013, as reported, have been Ra-226/228.
But, seven times more Th-230/232 than Ra-226/228 was originally dumped in Area 1. See
FIGURE 17. Presumably, thorium’s relative absence in recent samples is because thorium is
significantly less soluble than radium. But, nonetheless, there were five groundwater wells in
2013 where Th-230/232 levels greater than background were found, two of which were in excess
of MCLs.”" This suggests thorium may be a late bloomer, but is not absent, as is shown in the
following TABLE of thorium concentrations in samples take in 2012 and 2013 (apparently, none
were taken in the prior years’ sampling periods).
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WEST LAKE/BRIDGETON LANDFILLS
THORIUM EXCEEDANCES IN GROUNDWATER WELLS

{Ordered by Location)
Th=230 in Groundwater s2pCi/L
Well location | 2013 2012 2004 1996/1997
D85 ATC - i
& D3 AMC i .
& PZ 11555 AMC . B
55 AML - .
584 ATC B R
P7 11355 ATL . g
168 ATR - 5
ny” 711285 ARL - N
o PZ 113 AD AMIL . .
PZ 113 AS AMIL . .
pZ 208 55 AMR . .
D14 ABC . .
PZ1005D NTR - .
PZ 100 55 NTR - -
%@ PZ 10155 NMR - -
gs?‘ P7 200 85 NMR ) .
P P7 20255 NMR . :
@i-’f* P7 11058 NBL N .
Pz 10258 NER . .
P7 102R 55 NBR . X
NECK Pz 109 5§ KL . -
173 STL R -
PZ 103 55 STR . .
P7 10755 SML . .
PZ 20555 SML . )
Q@f‘ PZ 104 5D SMR . .
g;;?” PZ 104 S5 SMR . .
& P7 106 55 SBL . g
& PZ 1201 55 SMR ) )
PZ 20455 SBL . i
PZ 204A 55 SBL . .
MW 1204 SBC . *
p7 106 55 SBR : i
TABLE4

TABLE 4 suffers from a greater lack of time series data for Thorium-230/232 than for
Radium-226/228. But, the limited data that we have does show several suggestive changes over a
single year.

WLLFOIA4312 - 013 - 0140440



17
18
19

B3
a3

bl
N

@ CENTER fora COMPETITIVE WASTE INDUSTRYC

First, the number of exceedances greater than background rose from 3 to 5; second, the
number of exceedances greater than the MCL rose from 0 to 1; and third, the average level of
radioactivity rose by 14% from 0.79 pCv1to 0.90 pCi/l

This does tend to support the conclusion that, although thorium is relatively insoluble, in
the landfill’s vertical and horizontal hydrological flows, it is, nonetheless, also dispersing.

Over time, and of great concern, a major wave of increasing concentrations of Th-230/232
can be expected to also migrate out of Area 1. Also, as noted, thorium, like uranium, is
pyrophoric, which means that in powdered form it can spontaneously combust, and readily
escape, when brought into contact with slightly elevated temperatures at the leading edge of the
advancing fire.”

#Internal gas pressure provides the motive force to release radiotoxins

The motive force to move the radiotoxins from the landfill to the surface and release it
into the atmosphere is normal gas generation, compounded by the fire, and magnified greatly by
the possibility of methane and thorium explosions.

#Normal gas pressure in landfill. Internal gas pressure building up in the enclosed
landfill is the motive force that causes the volatized radionuclides to be released into the
atmosphere.

Compliant municipal solid waste landfills produce substantial quantities of carbon dioxide
and methane (and trace quantities of hazardous air pollutants) as a byproduct of anaerobic
decomposition, primarily of the food scraps and grass clippings in household discards.

Were Bridgeton a conforming landfill, in 2014 it would have generated approximately
160,200 cubic meters of landfill gas in this way. As that gas builds up and expands, pressure inside
the waste mass increases.”” Because of that growing pressure in a confined space, the gas will
seek to escape by the path of least resistance through the pore spaces between the wastes in the
landfill to the area of less pressure at the surface.”™
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The power that this pressure buildup possesses can be seen by the fact that landfills with a
geomembrane cover but without adequate pressure release from an active gas collection system
can, almost explosively, blow [ 7
out the cover, as shown in
the photograph along side.”

#O0ngoing fire
conditions amplify gas
generation. But, of course,
Bridgeton is not a compliant
landfill, and because of that,
for two reasons gas
generation is increased
significantly over one that is.
First are the site’s high
moisture levels, which
increases the rate of
decomposition, and with it,
motre gas generation and Blown out geomembrane at landfill with inadequate gas collection
greater gas pressure buildup
(offset in part by less methanogenesis when temperatures exceed 160EF that kill those
microbes).”

The second is the underground fire, which, as its heat front advances, also vaporizes the
moisture before it in the waste mass, adding further to that internal pressure.”” Consequently, the
already significant forces ejecting the volatized radiotoxins out of this landfill are magnified at
Bridgeton beyond what occurs at a normal landfill.

#Special fire situation creates conditions for a dirty bomb. The proximity of the South
Quarry, where the underground fire is greatest, to the contiguous North Quarry, where industrial
solvents are said to have been buried, and West Lake Landfill, where radioactive wastes were
illegally dumped, creates a unique threat. In addition to the risk of explosions from thorium’s
inherent pyrophoricity, more methane gas pockets may also be explosively ignited by the
advancing fire, as happened several times last year.”

The violent ejection of radium-226 isotopes from the Bridgeton Landfill, which would
spread radioactive debris over a wide area, would resemble a dirty bomb in its impact.” To be
clear, this would not bear any connection to a nuclear explosion. But, a dirty bomb could release
sufficient levels of elevated radioactivity over an extended area that is sufficient, over many years,
to cause injury and death. That can create mass panic, not mass destruction, in the surrounding
region.
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#Gas exit velocity is accelerated

The distance that escaping gases are dispersed from the landfill from their exit point s,
along with the type of gas and the wind speed, a function of the gases’ exit velocity and the height
above the surface that the gases are released.®® At Bridgeton, the gas’s exit velocity is not solely a
function of the motive force behind it, but rather is accelerated to a greater velocity at the surface.

Through most of 2013, the surface of the Bridgeton Landfill was covered by just a thin
layer of dirt, with no low permeable cover, such as a gcomembrane that is needed to prevent gas
releases (along with infiltration of precipitation and functionality for gas collection systems). That
means that, before the plastic cover was installed, a large fraction of the escaping gas would have
not been captured in the gas collection system, because gas collection uses negative pressure to
suck out the gas. Without a seal on top, the vacuum forces would also pull oxygen from the
surface, which can be explosive when mixed with methane in the landfill gas.®' At that time before
the cover was added, most of the gases escaped as a non-point source, diffused largely across
most the site’s 52 acre surface (with some through the sidewalls of the quarry where there are
lateral paths of lesser resistance).

In an attempt to reduce noxious odors and excess emissions of benzene, an ultra low
permeable EVOH/HDPE plastic cover was ordered in 2013 and is almost complete.*” Due to that
effort to lessen the environmental assault on the surrounding community, however, other concerns
are worsened due to the law of unintended consequences. Going forward almost all of the gases
will now be ejected as point sources, which means at much greater exit velocities. This will occur
in two different places.

Part of the landfill gas will be captured in the gas collection system, but that does not
mean that the gases disappear. Rather, they will be routed to a flare and burned. The other part
will escape mostly through cracks in the cover.

#Gas through flare. Burning the escaping gas through a flue will release pollutants,
including radiotoxins, at a greater exit velocity and from a higher elevation above the surface at
the top of the stack than previously occurred.

While the non-radioactive hazardous air pollutants should be neutralized in a shrouded
flare, the radioactive decay rate of radium and thorium isotopes is unaffected by the incinerator’s
heat. Critical, as discussed later at page 45, this means the alpha emissions are not neutralized in
the flare.
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Yet, that greater velocity and the approximate 50 foot height of the flue will significantly
broaden the downwind population impacted by the alpha emissions as compared to the conditions
prior to installation of
the cover when
significantly more of
the escaping gases
were diffused across
that highly permeable
dirt cover. See
FIGURE 21, which
shows the location of
the two sets of flares
at the Bridgeton
Landfill closest to
residential areas, such
as Spanish Village > Ty
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FIGURE 21 - Location of flares (circled in red) at Bridgeton Landfill [NOTE: north is
area around the to the left]

Bridgeton Landfill will

be expanded even further because of the questionably economical way the company is responding
to the mounting fallout from the fire. Republic’s action plan states that it will convert from
existing shrouded (or closed) flares to less costly candlestick (or open) flares. The intent is to
increase the flares’ capacity from 9,500 sctm to 11,500 scfm, in order to accommodate increased
gas generation anticipated as the fire advances into the North Quarry and a lean burn.*

But, this increase in capacity is being achieved inexpensively by effectively removing the
shroud from over the top of the flue, whose obstruction acts to increase gases’ residence time in
the chimney by %to “2a second. As a result, using the less expensive option to increase the
system’s capacity will also spread the radiotoxins further, as well as lessen the flare’s efficiency in
the destruction of the non-radioactive hazardous air pollutants by eliminating that fraction of a
second heat buildup. For, the new open flares, which have no shroud, will no longer obstruct and
therefore dampen the upward lift and exit velocity of the gases released.®

#Gas through the surface. Republic has almost completed installation of the ultra low
permeable geomembrane over both quarries. As noted, this will dramatically decrease the
diffused release of volatized radiotoxins, odors and VOCs from the surface, and funnel more of
the gases generated to the gas collection system’s flare.
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In the last year, and in response to the significant risks created by the underground fire,
MDNR ordered installation of that ultra-low permeable geomembrane to impede emissions out, as
well as to reduce oxygen infiltration into the landfill. Otherwise, as was explained, gas collection
and control over the fire would be seriously complicated by infiltrating air. The cover of the
South Quarry was completed in October, 2013, and construction of the North Quarry cover
continues at this writing.*®

Unfortunately, because of the wastes consumed by the underground fire, which has led to
voids below, there has been major subsidence of 15 to 20 feet at the surface during the two year

s
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FIGURE 22 — Cover settlement in South Quarry from 3/20/11 to 2/13/13 [north is to the upper right hand
corner]

period the underground fire took hold. See the map in FIGURE 22.*" Republic’s most recent
monthly report for YE2013 continued to show subsidence of as much as 5 feet in one month.™

As the underground fire causes the ground under the cover continues to subside,* the new
multi-layer cover will tear and degrade to the point it can no longer be patched or perform, but
instead will require continued expensive replacement. Until and unless, the leaks are detected, and
patching and replacement is done, these nominally strong barriers will soon leak.”
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Thus, whatever fraction of the landfill gases that are not captured in gas system will now
escape through frequent cracks in the new cover. For stresses on the cover will be a chronic
problem as the fire continues to cause voids below, and subsidence at the surface, that tears at the
polymer or cause the multilayer geomembrane to prematurely delaminate. Also, the heat of the
fire will degrade or compromise the performance of the plastic cover.”

Gases escaping through small cracks and tears will be ejected in high fluxes’ rather than
the diffused pattern of release prior to the new cover’s installation, at significantly higher exit
velocities.

#Alpha particles are lighter than air and travel further

If the gas ejected from the landfills is heavier than air, it may precipitate out before the
plume leaves the site boundary. But, volatized alpha emitters are lighter than air,” and can be
carried by the wind a considerable distance from the landfill.

#Health effects of radium and thorium can be fatal

Radioactive isotopes, like those of uranium, plutonium, thorium, polonium and radium,
release ionizing radiation that inflict damage on living cells as they pass through or get lodged
mnside the human body. The toxicity of a radioactive isotope to people is largely a function of the
type of radiation it emits, whethe